Adherence to highly active antiretroviral therapy (HAART) medication is the greatest patientenabled predictor of treatment success and mortality for those who have access to drugs. We systematically reviewed the literature to determine patient-reported barriers and facilitators to adhering to antiretroviral therapy.
A B S T R A C T Background
Adherence to highly active antiretroviral therapy (HAART) medication is the greatest patientenabled predictor of treatment success and mortality for those who have access to drugs. We systematically reviewed the literature to determine patient-reported barriers and facilitators to adhering to antiretroviral therapy.
Methods and Findings
We examined both developed and developing nations. . We retrieved studies conducted in both developed and developing nation settings that examined barriers and facilitators addressing adherence. Both qualitative and quantitative studies were included. We independently, in duplicate, extracted data reported in qualitative studies addressing adherence. We then examined all quantitative studies addressing barriers and facilitators noted from the qualitative studies. In order to place the findings of the qualitative studies in a generalizable context, we meta-analyzed the surveys to determine a best estimate of the overall prevalence of issues. We included 37 qualitative studies and 47 studies using a quantitative methodology (surveys). Seventy-two studies (35 qualitative) were conducted in developed nations, while the remaining 12 (two qualitative) were conducted in developing nations. Important barriers reported in both economic settings included fear of disclosure, concomitant substance abuse, forgetfulness, suspicions of treatment, regimens that are too complicated, number of pills required, decreased quality of life, work and family responsibilities, falling asleep, and access to medication. Important facilitators reported by patients in developed nation settings included having a sense of self-worth, seeing positive effects of antiretrovirals, accepting their seropositivity, understanding the need for strict adherence, making use of reminder tools, and having a simple regimen. Among 37 separate meta-analyses examining the generalizability of these findings, we found large heterogeneity.
Introduction
The introduction of antiretrovirals has been credited with extending the life span of people living with HIV/AIDS [1] . However, treatment efficacy relies on access to treatment and excellent adherence, which has proven to be a serious challenge to those receiving highly active antiretroviral therapy (HAART) [2, 3] . The regimens are often complicated, can require dietary restrictions, and may lead to adverse effects [4] . Non-adherence to antiretroviral therapy in adult populations has been shown to range from 33%-88%, depending on how adherence is defined and evaluated [5] . Research indicates that consistently high levels of adherence are necessary for reliable viral suppression [6, 7] and prevention of resistance [8] , disease progression [9] , and death [10] . As successful HIV treatment requires exceptional adherence to antiretroviral therapy, interventions to improve and maintain adherence are needed.
Several studies have been conducted that examine factors affecting adherence to HAART. We used a novel methodology to synthesize the information from these studies by performing a systematic review on all the literature available in this field using content analysis, particularly focusing on the currently existing qualitative studies and examining their generalizability through quantitative data. We examined both developed and developing nation patient populations [11] .
Methods

Search Strategy
We performed a systematic, all-language literature search for all qualitative studies and quantitative surveys that addressed barriers and motivators influencing adherence to antiretroviral regimens in HIV-positive individuals.
We ( Unpublished studies were also sought using the search terms ''adherence'' and ''HIV'' on Clinicaltrials.gov, the UK National Research Register, and conference abstracts from international conference Web sites: International AIDS Society conferences (inception to 2005) and Conferences on Retroviruses and Opportunitistic Infections (inception to 2005). Our search strategy combined terms that represented attitudes, barriers, and anxieties. Our search vocabulary included ''HIV'' or ''AIDS'', ''compliance OR adherence'', ''factors OR determinant* OR barriers'', ''motivate* OR facilit*'', and ''HAART OR antiretroviral*''. The detailed search strategy is available from the corresponding author upon request. We supplemented this search by reviewing the bibliographies of key papers.
Study Selection
Two members of the study team (BR and PW) independently reviewed the abstracts. Eligible studies met the following criteria: (1) reported an original research study, (2) contained content addressing barriers or facilitators to antiretroviral adherence, and (3) were either a qualitative study or quantitative survey. The studies were divided to represent developed or developing nations, as according to the United Nations Human Development Index (HDI) [12] . The HDI is a composite index that measures a country's average achievements in three basic aspects of human development: longevity, knowledge, and a decent standard of living.
Data Extraction
Two reviewers (BR and PW) independently extracted data and appraised both quality and content. From an initial review of qualitative studies by BR and PW, a coding template was iteratively developed to categorize key barriers to adherence to HAART. The reviewers then conducted a second review of the papers and identified whether they contained the barriers present in the complete template. At each stage of the data abstraction, the reviewers discussed the studies to determine consensus regarding the identification and coding of themes. We analyzed the themes presented in the qualitative studies. After the initial viewing of the selected articles, these themes were grouped into categories. Barriers/ facilitators fell under the following subheadings: (1) patientrelated, (2) beliefs about medication, (3) daily schedules, and (4) interpersonal factors/relationships. To determine the extent to which these themes exist in the wider communities of developed and developing nations, the reviewers then abstracted data from the survey studies to determine if the issues addressed in the qualitative studies had been asked about in the surveys. We abstracted data on the prevalence of the issues as reported in the surveys.
We extracted data on the quality of both qualitative and quantitative studies using pre-determined criteria for quality. We previously reported our rationale for assessing the quality of qualitative studies and in this study have extended our quality assessment to examine quantitative surveys [13] . Although no formal criteria exist for appraising the quality of surveys, we a priori determined that the following criteria are important across surveys: 1) the survey included members of the target community in the preparation of the survey tool, 2) the survey instrument was assessed for face validity, 3) the survey population was randomly selected, 4) a rationale for determining the response rate was provided, and 4) the investigators attempted to contact non-responders. We did not propose a cut-off score for higher-quality surveys versus lower-quality surveys.
Statistical Analysis
We measured chance-adjusted inter-rater agreement for eligibility using the j statistic. EM and PW conducted all statistical analyses. When information on proportions was available in the quantitative studies, we first stabilized the variances of the raw proportions (r/n) using a FreemanTukey-type arcsine square-root transformation [14] , and then conducted weighted analysis of studies using methods described by Fleiss [15] . The pooled proportion is calculated as the back-transform of the weighted mean of the transformed proportions, using inverse arcsine variance weights for the fixed-effects model and DerSimonian-Laird weights for the random-effects model. The random-effects model recognizes that the studies are a sample of all potential studies and incorporates an additional between-study component to the estimate of variability [16] . Thus, larger studies with smaller variances have relatively more impact on the final estimate. We present the weighted mean with 95% confidence intervals, with lower confidence intervals truncated at zero. The I 2 statistic was calculated as a measure of the proportion of the overall variation in the meta-analyses that was attributable to between-study heterogeneity [17] .
Results
Study Selection and Characteristics
The primary literature search produced 228 studies. There was near-perfect agreement between EJM and BR on choosing the 115 applicable studies from the reviewed abstracts (K 0.8). Of these, 31 were excluded as they were either not original studies or did not examine factors that influence adherence to antiretroviral therapy. The remaining 84 studies were included in our analysis (see Figure 1) . There was perfect agreement on the final studies selected between BR and PW. All studies were published in English.
Thirty-seven of the studies were qualitative (see Tables 1  and 2 ). Twelve used focus groups (total number of patients, n ¼ 415) [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] , 15 used semi-structured interviews (n ¼ 729) [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] , and nine used open-ended questioning (n ¼ 694) [45] [46] [47] [48] [49] [50] [51] [52] [53] to explore barriers and facilitators to adherence. One study employed a writing intervention to solicit barriers and motivators to adherence [54] . The 47 remaining studies employed a quantitative methodology (surveys) and used structured questionnaires or structured interviews (total n ¼ 12,902 [55] ) [4, to determine potential factors. Table  3 [47, 52, 57, 60, 63, 68, 77, 78, 82, 85, 94, 96] . Fifty-six were from the U n i t e d S t a t e s [ 4 , 1 8 -2 6 , 2 8 , 3 0 -3 6 , 3 8 -4 0 , 4 6 , 4 9 -51, 53, 54, 58, 59, 61, 62, 66, 67, 70, 71, 73, 74, 76, [79] [80] [81] 84, 86, [88] [89] [90] [91] 93, 95, 108] , three from Canada [27, 45, 72] , three from the United Kingdom [55, 69, 98] , two from Italy [56, 64] , two from France [75, 92] , two from The Netherlands [42, 83] , and one each from Australia [48] , Switerland [37] , and Belgium [44] . Two studies were multinational [65, 87] . The studies conducted in developing countries included four from Brazil [47, 68, 78, 85] , and one each from Uganda [57] [94], Romania [60] , and China [77] . Tables 4 and 5 
Barriers and Facilitators Listed by Patients in Developed Countries: Themes from Qualitative Studies
Barriers. Thirty-three individual themes of barriers were recorded in 34 qualitative studies (see Table 4 ).
Patient-related: Thirteen barriers were patient-related and included: a fear of disclosure and wanting to avoid taking medications in public places (23/34) [24, 26, 28, 32, 45, 50] . Also, those patients who had accepted their HIV-seropositivity reported improved adherence (8/23) [18, 28, 29, 32, 41, 44, 49, 51] .
Beliefs about medication: The most common motivator (12/ 23) to adherence is a belief in the efficacy of HAART and [43] ''having faith'' in the treatment [18, 19, [21] [22] [23] [24] 42, 44, 45, 49, 50, 53] . Other motivators included understanding the need for strict compliance (9/23) [18, 24, 26, 28, 30, 32, 36, 42, 44] , and having a simple regimen (3/23) [18, 21, 49] .
Daily schedules: Twelve studies reported learning to balance HAART with daily schedules as a facilitator of adherence. Having a routine in which taking antiretrovirals could be easily incorporated (11/23) [22, 23, 26, 30, 32, 36, 40, 42, 44, 45, 49] , and making use of reminder tools (7/23) [18, 22, 23, 40, 42, 44, 49] are both reported to be effective tools for optimizing adherence.
Interpersonal relationships: Positive interpersonal relation- Common themes from surveys and quantitative studies. Figure 2 displays the pooled results of studies assessing barriers and reporting proportions of responders. Table 6 displays the surveys that did inquire of the issues addressed in the qualitative studies. There were three barriers described in qualitative reports but not in the quantitative studies. These were: having suspicions regarding HAART, wanting to be in control, and doubting or having difficulty accepting one's HIV status.
Eight quantitative studies reported facilitators to adherence (see Table 7 ). Four themes for facilitation of adherence were mentioned in the qualitative studies that were not discussed in the relevant quantitative studies (i.e., having medication take priority over substance abuse, having a simple regimen, using reminder tools, and living for someone).
Barriers Listed by Patients in Developing Countries: Themes from Qualitative Studies
As there were only two studies identified, we describe the findings here. Eighteen specific barriers are cited in two studies [47, 52] .
Patient-related: The most common patient-related barriers were: having a co-existing substance addiction, simply forgetting, and financial constraints [47, 52] . Other barriers affecting adherence incorporated: a fear of disclosure [52] ; [96] ü difficulty understanding both treatment instructions; the need for compliance [47] ; and the presence of concurrent diseases or illnesses, including malnutrition [52] . Beliefs about medication: Barriers reflective of patient beliefs regarding antiretrovirals included: side effects (either real or anticipated) [52] ; complicated regimens [52] ; the taste, size, and frequency of dosing [52] ; having doubts about HAART efficacy [47] ; feeling fine or healthy [52] ; a decreased quality of life while taking medications, or feeling too sick [52] ; and being uncertain about potential long-term effects of HIV treatment [47] .
Daily schedules: Trouble incorporating work and family responsibilities with HAART was seen as a barrier to adherence in both studies. Traveling long distances to receive treatment was common, and not surprisingly, transportation difficulties were often reported to be a major hindrance to adherence (2/2). Other barriers included running out of medications or having an irregular supply [52] ; being away from home [52] ; and being too busy or distracted to properly comply [52] .
No studies mentioned interpersonal relationships as a barrier to adherence in this population.
No facilitators to adherence were discussed in any study in a developing nation setting. Themes from surveys and quantitative studies. Ten surveys were found in developing settings (see Figure 3) . No quantitative study enquired of difficulties with morning or afternoon doses, work and family responsibilities, or listed inconvenience as a barrier.
Discussion
To our knowledge, this is the first systematic review to examine the concerns of HIV patients to maintaining adherence. We found that fear of disclosure, forgetfulness, a lack of understanding of treatment benefits, complicated regimens, and being away from their medications were consistent barriers to adherence across developed and developing nations. More common to developing settings were issues of access, including financial constraints and a disruption in access to medications. While there is a tremendous paucity of qualitative research in developing settings, our findings indicate that many barriers to adherence can be addressed with patients through discussion and education regarding treatment benefits to health. In developing settings, access to medications is the greatest concern. Indeed, discussion in both economic settings may alleviate patients' suspicions regarding treatment and address prac- [96] tical barriers to improve adherence. This study should also be used to guide the development of interventions aiming to improve adherence in any setting.
This study has several important strengths. The methods we employed to tabulate these findings come from a multi-step process. We first systematically identified qualitative and quantitative studies examining the questions. We then extracted the themes from the qualitative studies and determined which of them were sampled in the quantitative studies. Finally, we synthesized the available quantitative data. By systematically determining the existence and prevalence of barriers in multiple qualitative and quantitative studies, we believe that stronger inferences can be made into patientrelated adherence obstacles and facilitators. We have previously demonstrated that surveys benefit from systematically examining qualitative studies, as this improves content validity [13, 101] . To this end, our review of qualitative studies identified several key themes addressing barriers to adherence that were not examined in larger quantitative studies. The presence of barriers in more than one qualitative study, consisting of populations of patients representing different patient populations, supports the conclusion that these barriers are somewhat applicable. Our meta-analysis of survey data is a relatively new process that we have previously [102, 103] , and can permit stronger inferences into the generalizability of our findings. Finally, our criteria to assess the quality of both qualitative studies and surveys are a new contribution to the methodological literature.
Recognizing that the absence of reporting particular methodological criteria may not reflect what was actually conducted during a study [104] , we invite discussion regarding the relative usefulness and applicability of these criteria. This work has several limitations. We aimed to reduce reviewer bias by conducting abstraction independently, in duplicate. We cannot, however, know to what extent we may miss themes or to what extent reporting bias of the original report may have contributed. We emphasize that our methodology is specific but not sensitive for identifying themes. Reporting bias in the included manuscripts may have limited our ability to identify all barriers and facilitators to adherence. A broad range of economic and social conditions fall under the Human Development Index. It would wrong to assume that all individuals living in a HDI-categorized ''developed'' nation are in a better economic situation than all individuals living in a ''developing'' nation. Detailed information pertaining to this was rarely available in the original reports included in this review. It is possible that [96] surveys used in developing nations were similar to surveys used in developed nations. However, the validity of these surveys in developing settings may not be appropriate, and we press for further qualitative research on this topic. Detailed population descriptions (e.g., education level) and the regional conditions from which this study is produced (e.g., gross national product) would benefit interpretation of future studies in this field. There are several interpretations of appropriate adherence and execution of drug regimens. We did not evaluate patients' perceptions of what ''adherence'' mean to them, whether it meant acceptance, execution, or persistence of drug therapy [105] . In our meta-analyses of pooled survey data, we found large heterogeneity (as displayed by the I 2 values in Figures 2 and 3) , indicating large variation between the surveys. Very little methodological literature deals with pooling proportions, and our findings call for further exploration to determine the importance of this heterogeneity. Finally, there were few studies in developing countries that studied early adopters to antiretroviral therapy. These individuals may not be representative of the larger epidemic and may not have experienced longer-term side effects of therapy. It is important to note that the qualitative studies generated a richer spectrum of barriers and facilitators than did the quantitative studies. Qualitative studies are superior at identifying patient-important barriers and facilitators. We would submit that the ideal study of adherence would be one that occurs across several phases and incorporates both qualitative and quantitative elements. For example, to avoid biasing one's investigation with a priori assumptions about what may be important factors relating to adherence in a given population, it is logical to commence a study with qualitative research, thereby allowing the local population to tell the researchers what they believe to be important barriers, rather than the reverse. By using questionnaires developed in settings that are economically or culturally foreseeably different, the surveys force respondents to answer potentially irrelevant questions.
Clearly, the evidence base for barriers and facilitators of adherence is far richer from developed countries than from developing countries. In our analysis we found only two qualitative studies published from developing nation settings. This is sadly paradoxical, given that the vast majority of HIV/ AIDS patients live in the developing world, and over the coming decades will constitute a growing proportion, and probably the majority, of the world's HAART recipients. Consequently, we see further research on HAART adherence in developing countries that incorporates both qualitative and quantitative elements as a priority. Our findings should influence adherence program delivery systems in developing settings. We found that issues such as fear of disclosure, suspicions about treatment, forgetfulness, and irregular supply were important barriers identified by large proportions of the populations studied. It seems appropriate that before mandating any adherence program, such as disclosure or accompagnateurs, opportunities should be provided for individuals who require opting out [106, 107] . Further, in developing settings, the reliability of medication access is an important adherence barrier that individuals have little opportunity to facilitate. Patient-level adherence can be determined only when a steady supply of medication exists.
We identified a broad range of barriers and facilitators to adherence. These barriers should be inferred as guides for interventional research to improve adherence rates. Given the many factors tabulated in this review, clinicians should use this information to engage in open discussion with patients to promote adherence and identify barriers and facilitators within their own populations. The methodology we used to pool the quantitative data is novel and may prove a useful methodological tool for generalizing patient-important issues.
Editors' Summary
Background. The World Health Organization has estimated that in 2005, about 38 million people worldwide were living with HIV/AIDS; the mortality caused by HIV/AIDS is very high. Antiretroviral drugs are effective at controlling the disease and extending life span. However, it is important for people to stick to the drug regimens exactly in order to keep levels of HIV low, prevent it from becoming resistant to drugs, and stop the illness from progressing. However, many people find it very difficult to take antiretroviral drugs precisely as they should. There is already some evidence from research studies on the reasons why this is the case. There are two different research approaches taken by these studies: ''qualitative'' methods, which try to find out about attitudes and behaviors using focus groups, interviews, or other techniques; and ''quantitative'' methods, which try to find out about peoples' opinions and experience using surveys with set questions for the participants to answer, and then count the different responses.
Why Was This Study Done? The investigators wanted to put together all of the available evidence from published research studies (called doing a ''systematic review'') on which factors affected people's adherence to antiretroviral drugs. They wanted to do a systematic review because it is thought to be a very rigorous way of appraising all the available evidence (although there is considerable debate about the value of using such a method to analyze the results of qualitative research).
What Did the Researchers Do and Find? The study team searched biomedical literature databases as well as conference abstracts and research registries using a defined set of search queries. They screened all the scientific papers they found; those reporting results of original research into factors affecting antiretroviral adherence were then analyzed in more detail. 84 relevant studies were identified, of which 37 used ''qualitative'' methods (focus groups, interviews, open-ended questioning) and 47 used ''quantitative'' methods (surveys). Most of these studies had been carried out in the developed world. Then, the researchers extracted the factors affecting adherence from the original studies, which could be either ''positive'' factors (helping adherence) or ''negative'' ones (making adherence more difficult). They classified the factors into four key themes: ''patient related'' (e.g., seeing positive results, fear of disclosure, being depressed); ''beliefs about medication'' (e.g., faith in how well the drugs worked, side effects); ''daily schedules'' (e.g., using reminder tools, disruptions to routine); and ''interpersonal relationships'' (e.g., trusting relations with health-care provider; social isolation).
Many barriers to adherence were common to both developed and developing settings. Some factors were unique to the studies conducted in the developing world, such as financial constraints and problems with traveling to get access to treatment. Fear of disclosure was an important barrier identified in many of the studies.
What Do These Findings Mean? The researchers combined the results of many different studies and identified factors that help or obstruct adherence to antiretroviral treatment. By identifying influences common to the different settings, greater weight can be placed on the factors that were identified. Only 12 of the studies included in this research were from the developing world, where the majority of HIV/AIDS patients live; hence more work is needed to examine and address the factors influencing antiretroviral adherence in these parts of the world. This study provides researchers and health policy makers with a starting point for changes that might help to ensure greater adherence to antiretroviral treatment. 
